
Fundamental Theorem of Algebra

The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations

Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.

Then, we solved Quadratic Equations which has degree 2
We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-

In our Example of a degree = 3 polynomial we found 3 roots!
This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.

The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.

A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.

Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra
The first type of equations we solved were Linear Equations
Linear Equations have degree = 1 and we would always find 1 root.
Then, we solved Quadratic Equations which has degree 2

We found these have 2 roots (if counting complex and multiplicity)-
In our Example of a degree = 3 polynomial we found 3 roots!

This leads us to believe that a polynomial of degree n has n roots.
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
A consequence of The Fundamental Theorem of Algebra is that every
polynomial of degree n has n roots.
Question: Why does having at least 1 root mean that there are n roots?

http://www.coobermath.com/Review_and_Linear_Equations/Sets/Complex_Numbers/number_of_roots.pdf
http://coobermath.com/Polynomials/Remainder_Theorem/Example_1/Intro_to_Remainder_Theorem_with_Factoring_Example_1.pdf


Fundamental Theorem of Algebra

The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
Remainder/Factoring Theorem:
P(k) = 0 ⇐⇒ P(x) = (x − k) · Q(x)
If we have a polynomial P(x) with deg(P) = n then the FTA tells us we
have a root!
Let’s call the root k1, so P(k1) = 0
The Factoring Theorem tells us that P(x) = (x − k1) · Q(x)
Now, what is the degree of Q?

We saw that deg(P) = deg(x − k1) + deg(Q)
Since, deg(P) = n and deg(x − k1) = 1, we get: deg(Q) = n − 1
Now, by the FTA, Q has a root, we’ll call it k2
And the Factoring Theorem tells us: Q(x) = (x − k2) ·W (x)
Now we can write P(x) as:

k︸︷︷︸
P

This continues n times until we get to deg = 0, which is a constant!
This constant a is the Lead Coefficient

Conclusion: If the roots of P(x) are k1, . . . , kn with lead coefficient a:
P(x) = a(x − k1) · (x − k2) · (x − k3) · · · (x − kn)

http://coobermath.com/Polynomials/Degree_Multiplication.pdf
http://coobermath.com/Polynomials/Intro_to_Polynomials.pdf
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Now, by the FTA, Q has a root, we’ll call it k2
And the Factoring Theorem tells us: Q(x) = (x − k2) ·W (x)
Now we can write P(x) as:
P(x) = (x − k1) · (x − k2) · W (x)︸ ︷︷ ︸

deg=n−2

This continues n times until we get to deg = 0, which is a constant!
This constant a is the Lead Coefficient

Conclusion: If the roots of P(x) are k1, . . . , kn with lead coefficient a:
P(x) = a(x − k1) · (x − k2) · (x − k3) · · · (x − kn)

http://coobermath.com/Polynomials/Degree_Multiplication.pdf
http://coobermath.com/Polynomials/Intro_to_Polynomials.pdf


Fundamental Theorem of Algebra
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Now, what is the degree of Q?
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This constant a is the Lead Coefficient

Conclusion: If the roots of P(x) are k1, . . . , kn with lead coefficient a:
P(x) = a(x − k1) · (x − k2) · (x − k3) · · · (x − kn)

http://coobermath.com/Polynomials/Degree_Multiplication.pdf
http://coobermath.com/Polynomials/Intro_to_Polynomials.pdf


Fundamental Theorem of Algebra
The Fundamental Theorem of Algebra:
A polynomial P(x) with deg(P) ≥ 1 has at least 1 real or complex root.
Remainder/Factoring Theorem:
P(k) = 0 ⇐⇒ P(x) = (x − k) · Q(x)
If we have a polynomial P(x) with deg(P) = n then the FTA tells us we
have a root!
Let’s call the root k1, so P(k1) = 0
The Factoring Theorem tells us that P(x) = (x − k1) · Q(x)
Now, what is the degree of Q?
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And the Factoring Theorem tells us: Q(x) = (x − k2) ·W (x)
Now we can write P(x) as:
P(x) = (x − k1) · (x − k2) · (x − k3) · · · (x − kn) a︸︷︷︸

deg=0
This continues n times until we get to deg = 0, which is a constant!

This constant a is the Lead Coefficient

Conclusion: If the roots of P(x) are k1, . . . , kn with lead coefficient a:
P(x) = a(x − k1) · (x − k2) · (x − k3) · · · (x − kn)
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have a root!
Let’s call the root k1, so P(k1) = 0
The Factoring Theorem tells us that P(x) = (x − k1) · Q(x)
Now, what is the degree of Q?

We saw that deg(P) = deg(x − k1) + deg(Q)
Since, deg(P) = n and deg(x − k1) = 1, we get: deg(Q) = n − 1
Now, by the FTA, Q has a root, we’ll call it k2
And the Factoring Theorem tells us: Q(x) = (x − k2) ·W (x)
Now we can write P(x) as:
P(x) = (x − k1) · (x − k2) · (x − k3) · · · (x − kn) a︸︷︷︸

deg=0
This continues n times until we get to deg = 0, which is a constant!
This constant a is the Lead Coefficient

Conclusion: If the roots of P(x) are k1, . . . , kn with lead coefficient a:
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P(x) = (x − k1) · (x − k2) · (x − k3) · · · (x − kn) a︸︷︷︸

deg=0
This continues n times until we get to deg = 0, which is a constant!
This constant a is the Lead Coefficient

Conclusion: If the roots of P(x) are k1, . . . , kn with lead coefficient a:
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